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I. INTRODUCTION 
Beef cattle convert grass from U.S. rangelands and aftermath from 
crops into usable protein that otherwise would be unavailable for human 
consumption. They also are fed large quantities of grain in the United 
States. Intensive use of grain in the beef feeding industry results from 
the nation's large supplies and low real prices of feed grains. 
The grain producing capacity of U.S. agriculture far exceeds the 
amount of cereals needed for domestic human consumption. Accordingly, a 
large amount of wheat is exported as a food crop while a large amount of 
feed grains is produced specifically for the nation's livestock industry. 
Only 3 percent of U.S. corn production is used for domestic human consump-
tion. However, some people and groups have been concerned with the amount 
of grain fed to livestock in the Uniteu States while human hunger prevails 
over much of the world. They have been concerned especially about the 
amount of grain fed to beef cattle where the amount used to produce a 
pound of meat is greater than for hogs and poultry. 
Various shifts could be made in cattle feeding to alter the amount 
of grain used for these purposes. Finishing cattle at different weights 
is one of them. Usc of a greater proportion of silage is another. This 
study assumes that cattle will continue to be fed in fP.edlots and analyzes 
the impact of alternative finishing weights and silage feeding on U.S. 
and regional land use and crop production. It also analyzes the potential 
effects of a soil conserv<Jtion alternative on crop and livestock 
production, land use and related variables. 
The objective of this analysis is to evaluate the potential i.mpac:t 
of alternative futures in beef production and soil conservation on agri-
culture as a whole and on the beef cattJ e .indus try in particular. Each 
future is specified in the model using different assumptions for the 
beef cattle industry and U.S. agriculture. 
The alternative futures are: 
l. The Base Alternative. It assumes that beef cattle will be 
finished on a conventional high r:oncentrate ration and m;:1rketed at an 
average weight of 1,050 pounds. It has no requirements for attaining a 
greater level of conservation. 
2. The 950 Alternative. It assumes that beef cattle also will be 
finished on a conventional high concc•ntrate rntion, but marketed at an 
average weight of 950 pounds. It has no requirements for soil conserva-
tion. 
3. The 1150 Alternative. It assumes thnt beef cnttle will be 
finished on a conventional high concentrate ration but marketed at an 
average weight of 1,150 pounds. lt has no requirements on soil conser-
vation. 
4. The Silage Alternative. It assumes that beef cattle will be 
finished on a high silage ration and marketed at an average weight of 
1,050 pounds. It has no requi.rements on soil conservation. 
5. The Soil Conservation Alternative. It ossumes that beef cattle 
will be finished on a conventional high concentrate ratjon and marketed 
at an average weight of 1,050 pounds. It requires agriculture to adopt 
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cropping practices that limit soil erosion to levels set by soil scien-
tists as necessary if the productivity of the land is to be maintained. 
The results obtained from the model for each of the alternative 
futures is used to assess the impact of the assumed conditions on U.S. 
agriculture and the beef cattle industry. Comparison of the results of 
the Base Alternative with the 950 Alternative and the 1150 Alternative 
provides information useful for identifying and appraising the impacts 
of changing feed efficiency as market weights vary (Chapter IV). Com-
paring the results from the Base Alternative with the results from the 
Silage Alternative provides a means of evaluating the impact of maxim-
izing the number of animals fed per acre by using corn and sorghum silage 
instead of grain (Chapter V). Differences between the Base Alternative 
and the Soil Conservation Alternative reflect the result of requiring 
agriculture to conserve topsoil as crops are grown for livestock and 
people (Chapter VI). Since the Soil Conservation Alternative requires 
more forage in land use patterns, it interacts with the agricultural 
sector's ability and capacity to feed cattle. 
Each alternative is analyzed relative to fixed levels of domestic 
and export demand. The alternatives are studied in terms of their 
impacts on farming practices, land and water use, interregional shifts 
in crop and livestock production patterns, inputs used in agriculture, 
the environmental impact, production costs, conservation practices and 
soil loss levels, export capabilities, and other variables potentially 
affected by the various assumptions for agriculture. The alternatives 
are studied by means of a national and interregional linear programming 
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model of U.S. agriculture which expresses interdependence among all major 
producing regions of the nation. 
II. THE MODEL 
This section summarizes the specification and use of the linear 
programming model on which the analysis is based. The appendix includes 
a mathematical summary of the model. The model has four major sectors: 
(a) the land and water resources available to agriculture, (b) crop and 
livestock production activities for the transformation of these resources 
in agricultural commodities, (c) the commodity transportation network, 
and (d) the domestic and foreign demands for agricultural products. The 
model is solved with the objective of meeting the demands for agricultural 
products while minimizing the cost of producing and transporting the 
nation's agricultural products. The model assumes a competitive equilib-
rium with all resources used in agriculture, except land and water, receiv-
ing their market rate of return. Returns to land and water are determined 
endogenously in the model and may be higher or lower than prevailing 
market rates for a particular region. 
Land resources in the model are divided into producing areas repre-
senting relatively homogenous production conditions. A large number of 
crop and livestock production activities is defined within each of these 
producing areas. The demands for the commodities are defined at demand 
centers within consuming regions over the United States based on projec-
tions of per capita consumption, population and export demands. When 
the model is solved, land in each producing area is brought into produc-
tion under the criterion of minimum cost, i.e., the most productive land 
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is utilized fi.rst. This procedure allocates the production of crops and 
li.vestock consuming these crops to the producing areas to minimize the 
total cost of production and transportation incurred in meeting domestic 
and export demands for agricultural products. 
Regions of the Model 
Four sets of regions are used: (1) the data collection regions used 
in the development of the model's data base, (2) the regions or producing 
areas within which the production activities of the model are defined, 
(3) the market regions within which the demands for commodities are defined, 
and (4) the reporting regions into which the results are summarized. 
The data regions, shown in Figure 1, are built on county approxima-
tions of the major land resource areas used for data collection by the 
Soil Conservation Service, U.S. Department of Agriculture [3]. These 
regions delineate the land of the United States into 156 areas based on 
dominant soil type and management characteristics. Weights are used to 
transfer data from these regions into the producing regions to generate 
coefficients needed in defining the model. 
The 105 producing areas or regions shown in Figure 2 are derived 
from the Water Resources Council's 99 aggregated subareas [4]. The crop 
production sector and the land base of the model are defined within these 
regions. Water supplies for the western United States are defined for 
producing areas 48 to 105. 
The 28 market regions shown in Figure 3 are aggregations of contiguous 
producing areas. Each market region functions in the model as a demand 
and transportation center. The metropolitan centers identified in each 
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market region link the model's transportation sector. Transportation 
activities are defined to distribute commodities among these centers. 
The reporting regions shown in Figure 4 also are formed by aggregating 
contiguous producing areas. 
Land Base 
The model's land base was built from the Conservation Needs Inventory 
[2]. The Conservation Needs Inventory (CNI) reports acres of land by use 
and by agricultural capability class. Eight major capability classes are 
included in the CNI with classes II through VIII further subdivided to 
reflect the most severe hazard which prevents land from being available 
for unrestricted use. The subclasses reflect susceptibility to erosion, 
e, subsoil exposure, s, drainage problem, w, and climate conditions 
preventing normal crop production, c [2]. 
The county acreages are aggregated for dryland and irrigated uses 
to the 105 producing regions by the 29 capability class-subclasses. These 
29 class-subclasses are then aggregated to give the five land quality 
classes shown in Table 1 to serve as the land base in the model. 
Table 1. The five land quality classes used in the study and the land 
class and subclasses from which they are aggregated 
------------------
Land Quality Class Inventory Class-Subclasses Acres 
1 I, Ilwa a IIIwa 64,596,000 
' 
2 rest of II, III, IV, all of V 213,385,000 
3 Hie 71,001,000 
4 IVe 29,886,000 
5 VI, VII, VIII 14,340,000 
a 
wa means that drainage problems have been eliminated. 
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Additional information concerning the development of the land base, 
including adjustments to update the National Inventory data, can be 
found in Meister and Nicol [3] and Vocke, et al. [5]. 
Crop Production Sector 
The endogenous crop production sector is defined on the land base 
of each producing region and includes alternative production activities 
for grain sorghum, sorghum silage, barley, corn, corn silage, cotton, 
legume and nonlegume hay, oats, soybeans, sugar beets, and wheat on 
each of the different land classes. Other crops enter the model on an 
exogenous basis. Unique activities are defined for each of the five land 
quality classes in each producing area and specify alternative rotations, 
tillage, and conservation practices for each crop and irrigated or dry-
land farming. Each combination of these different components represents 
a crop management system or activity. Using the nitrogen, land, and 
water resources defined in the model, each system or activity produces 
commodities needed for livestock and consumer demands. 
The procedure used to generate coefficients for crop rotations 
allows for interrelationships among crops. For example, following legume 
crops, nitrogen can be carried over to subsequent crops. Each rotation 
can be combined with any one of four conservation practices: straight 
row cropping, contouring, strip cropping, or terracing. Conservation 
practices are defined on the land quality classes according to recommen-
dations given in the SCS Questionnaire [3]. A crop management system 
is completed by adding one of three tillage practices: conventional 
tillage with residue removed, conventional tillage with residue left, or 
12 
reduced tillage. When they are adjusted to account for differences in 
production cost, fertilizer requirements, crop yields, water needs, and 
susceptibility to soil erosion by producing region, these crop management 
systems then become activities in the crop production sector. Further 
details can be found in Meister and Nicol [3]. Nitrogen is available to 
crops either from legumes, chemical fertilizers, or livestock manure. 
Livestock 
The livestock sector includes dairy, hogs, beef cows, beef feed-
ing, broilers, turkeys, eggs, sheep and lambs, and a general category 
for other animals such as horses, mules, ducks, geese, and zoo animals. 
Separate livestock production activities are defined only for the endo-
genous livestock enterprises: hogs, beef cow, beef feeding, and dairy-
ing. Production coefficients for feed requirements and manure produc-
tion are estimated for all categories, but cost data are needed only 
for the endogenous livestock. 
Livestock rations are formulated within the model to allow 
endogenous substitution between grains, between roughages and grains, 
and between roughages. Hence, the model selects least-cost rations for 
the livestock in each region. The model also determines the type and 
amount of·livestock to be produced in each region and the amount of 
grain transported to it. The nitrogen in the manure produced by live-
stock is transferred to the crop production sector where it is utilized 
as a fertilizer. Detailed discussion of the developemnt of these activities, 
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including specification of the alternative rations and the nutrient value 
of the animal manure can be found in Meister and Nicol [3]. 
Water Sector 
The water sector of the model defines water availability in the 
western United States in producing areas 48 to 105. It also defines 
activities for the transfer of water between producing regions. Addi-
tional information about the water supplies and the transfer activities 
can be found elsewhere in Colette [1]. 
Transportation 
The transportation routes, defined between all contiguous market 
regions, are measured by the distance between the metropolitan centers 
in each market region. Some heavily used long-haul routes between non-
contiguous regions are defined if they reduce mileage by 10 percent 
over accumulated short-travel routes. Two activities are defined for 
each commodity over each route, one for shipment in each direction [3]. 
Time Horizon 
Evaluation of policy impact alternatives within the limitations of 
the model requires that a sufficient time horizon be specified to allow 
for the implied adjustments to materialize. In this report, 1985 was 
selected as the year of projection. Alternatives defined in the model 
are designed to be consistent with projected and expected production 
alternatives available and demands prevailing in 1985. 
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Commodity Demands 
The commodity demands in the model are either exogenous or endogenous. 
The endogenous commodity demands are the feed requirements of the 
endogenous livestock: hogs, beef cows, beef feeding, and dairying which 
can use many alternative rations. The exogenous commodity demands include 
the feed requirements of the exogenous livestock, projected domestic de-
mands by consumers and industry, and export projections (Table 2). Out-
comes would, of course, vary some for different export levels. 
Table 2. Projected net export d<::mands by commodity, U.S. totals 
(1,000 units) 
Commodity Unit Quantity 
Corn bu. 2,030,995 
Sorghum bu. 270,002 
Barley bu. 24,994 
Oats bu. 19,000 
Wheat bu. 1,218,162 
Oilmeal bu. 791,374 
Cotton bu. 4,208 
III. BASE ALTERNATIVE 
In the Base Alternative, feedlot cattle are finished on a high 
concentrate ration and marketed at an average liveweight of 1,050 pounds. 
The regional distribution of livestock in the Base Alternative (stock 
cows, beef feeding, dairy, and hogs) is determined simultaneously with 
crop production patterns to minimize the total cost of raising and trans-
porting both crop and livestock products to the demand centers explained 
elsewhere. 
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Crop Production Patterns 
Output of individual crops in the Base Alternative is allocated 
to areas having a comparative advantage in production of each (Table 3). 
For example, about 65 percent of the corn and sorghum is produced in 
the North Central region. Over 50 percent of the soybean production is 
concentrated in the North Central region. Together, the North Central 
and Great Plains regions produce more than 60 percent of the small 
grains. 
The utilization of the available cropland in each region varies 
from a low of 93 percent in the Southwest region to a high of 98 percent 
in the North Atlantic region (Table 4). For the entire United States, 
96 percent of the cropland base which is not cropped is either not high-
ly productive for crops or the cost of transporting its output to the 
demand centers is too high (or a combination of the two). 
Beef Production Patterns 
The regional distribution of beef production in the Base Alterna-
tive is determined simultaneously with regional crop production patterns 
(Table 5). The availability of corn and sorghum grain is an important 
determinant of the location of beef feeding operations. A second factor 
influencing the location of beef feeding is the availability of feeders 
from stock cow herds. The location of stock cows is partly determined 
by the availability of low cost roughage such as pasture and crop after-
math. 
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Table 4. Percentage of available croplandused for crops in each region of 
of the Base Alternative 
Region 
North Atlantic 
South Atlantic 
North Central 
South Central 
Percent 
Utilization 
98 
96 
97 
97 
Region 
Great Plains 
Northwest 
Southwest 
United States 
Percent 
Utilization 
94 
97 
93 
96 
Because of large supplies of low cost roughage, more than 70 percent 
of the feeders are raised in the South Central and Great Plains regions. 
In addition, corn and sorghum grain production in these two regions is more 
than adequate to feed out the feeders raised in them. Thus, in the Base 
Alternative, feeders from other regions can be profitably shipped to the 
South Central and Great Plains regions for feeding. As a consequence, 
more than 70 percent of the beef feeding is concentrated in these two 
regions under the Base Alternative. 
Feed Consumption by Livestock 
Livestock feed consumption in the Base Alternative is shown in Table 
6. Nearly 70 percent of the corn and more than 80 percent of the sorghum 
is fed to livestock while only 3 percent of wheat production is consumed 
by livestock. Nearly 50 percent of the oilmeal output of agriculture in 
the Base Alternative is used as a protein source for livestock. 
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TabJ t' 6. P<•rcentng<' of totRJ U.S. Pntput of crops consumed by livestock 
in the Base Alternative 
Livestock Corn 
Grain 
Endogenous livestock 53 
(hogs, fed beef, 
dairy, and stock 
cows) 
Exogenous livestock 14 
Total endogenous and 
exogenous livestock 67 
Sorghum 
Grain 
69 
13 
82 
Crops 
Wheat 
1 
2 
3 
Agricultural Inputs 
Barley 
and Oats 
46 
16 
62 
Oilmeal 
25 
18 
43 
The use of inputs in the Base Alternative varies considerably by 
crop (Table 7). Corn and sorghum grain production uses 27 percent of 
the cropland but requires almost 60 percent of all the nitrogen fer-
tilizer. Pesticide usage also varies among crops and is concentrated 
primarily on corn and soybeans. 
Soil Erosion 
Because of differences in soil type and climate, the land in 
some of the reporting regions is more susceptible to erosion than 
others. These differences and the selection of crops, cropping prac-
tices, and conservation practices in each region determine the rate 
of soil erosion. Under the Base Alternative, the model selects the 
least-cost method of producing the needed crops without regard for any 
20 
adverse effects on soil conservation and environmental quality. The 
average national rate of soil loss in the Base Alternative, including 
land in which erosion is nonexistent or not a hazard, is 5.51 tons per 
acre annually. Some land is level and does not have an erosion inci-
deuce. The rates for individual.regions range from a low of less than 
2 tons in the Southwest region to over 12 tons per year in the South 
Atlantic region (Table 8). 
Table 7. Percentage of total inputs used in the Base Alternative by 
commodity group 
Commodity 
Group 
Corn and 
grain 
sorghum 
Barley, oats, and 
wheat 
Cotton 
Soybeans 
Legume and nonlegume 
hay 
Corn and sorghum 
silage 
Acres 
27 
20 
2 
28 
8 
5 
a Percentage 
Nitrogen 
Fertilizer 
59 
19 
4 
4 
5 
8 
Pesticide 
Expenditures 
46 
8 
8 
33 
2 
1 
a Percentages do not sum to 100 because the table does not .includ~o' 
all crops in the modtd . 
2] 
Table 8. Average annual rates of soil erosion per acre for each major 
reporting region in the Base Alternative 
Region 
North 
South 
North 
South 
Soil Loss 
per Acre 
(tons) 
Atlantic 5.35 
Atlantic 12.19 
Central 4. 77 
Central 5.36 
Region 
Great Plains 
Northwest 
Southwest 
United States 
Soil Loss 
per Acre 
(tons) 
4.36 
3.40 
1. 31 
5.51 
Results from other alternatives are now compared with those from 
the Base Alternatives. The results from the Base Alternatives are not 
statistical predictions to 1985 but represent solutions which optimize 
relative to the restraints of the model and its objective function. 
IV. ALTERNATIVE FINISHING WEIGHTS 
As beef cattle are fed to heavier weights, feed efficiency de-
clines. When fattening is carried to an extreme at heavier weights, 
excess fat on the animal's bodies must be trimmed from the carcass. 
To the extent this trimmed fat cannot be put to a valuable use, it 
represents a misallocation of the agricultural resources going into its 
deposition. 
This study varies the finishing weight of fed beef cattle to 
analyze the interaction between resource use in American agriculture 
and the marketing weight of fed cattle. Besides changing total feed 
22 
requirements for the fed beef industry, varying the market weight of 
the cattle implies an adjustment in stock cow numbers. ~1en animals 
are marketed at a lighter than conventional weight, the number of ani-
mals slaughtered must increase to meet a given consumer demand for fed 
beef. This expansion of beef cow herds increases the resources needed 
to maintain the stock cow sector of the beef industry. Specifically, 
it also requires considerably more forage. Conversely, with heaviC'r 
than conventional finishing weights, fewer cows are needed and hence, 
less resources are required for their maintenance. 
Changes in the total feed requirements of both the stock cow herds 
and feeders as finishing weights are varied creates economic forces 
for interregional adjustments in the location of both feeder calf produc-
tion and fattening. These changes also can have direct interregional impacts 
on the production of forages and thus indirectly on the production of 
feed grains. The nation's crop production thus should eonsist of 
a greater proportion of forages and a smaller proportion of feed grains. 
Various producing regions will be affected differently because they have 
different comparative advantages in producing these two major sets of 
crops. We analyze these effects to see if they are economically signi-
ficant. 
The Alternatives 
Three alternative beef feeding sectors are defined using the data 
displayed in Table 9. The model alternative using a finishing weight of 
23 
950 pounds liveweight is referred to as the 950 Alternative. Similarly, 
the model alternative with a finishing weight of 1,150 pounds liveweight 
is called the 1150 Alternative. The Base Alternative uses a conventional 
finishing weight of 1,050 liveweight. The Base Alternative is used as 
the point of reference in interpreting the results of the alternative 
models. 
Table 9. 
Marketb 
·Height 
950 
1050 
1150 
Meat vield and feed conversion rates used in the analysis of 
market weight of fed beef animalsa 
Percent Marketable c ·Feed per Pound d 
Meat of Gain 
.308 7.73 
. 306 8.41 
. 304 9.19 
aThese data were provided by Dr. Gene Rouse of the Iowa State 
University Department of Animal Science. 
bThe listed market weight values are weighted averages of steers 
and heifers, where the weights are the relative proportions of each. 
cMarketable meat is defined to be the boneless, closely trimmed, 
retail cuts from the round, loin, rib, and chuck. The percentage values 
account for both dressing percent and cutability. 
d These values are average feed efficiency values over the whole 
feeding period from 450 pounds to (a) 950, (b) 1050, (c) 1150 pounds, 
respectively. Feed is in pounds of dry matter of all materials fed. 
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Feed Consumption in the 950 Alternative 
and the Base Alternative 
Marketing fed beef at an average finishing weight of 950 pounds 
liveweight in the 950 Alternative as compared to an average finishing 
weight of 1,050 pounds liveweight in the Base Alternative greatly 
increases feed efficiency. Total feed consumption by the U.S. cattle 
feeding industry declines 17 percent in the 950 Alternative as compared 
to the Base Alternative (Table 10). 
Table 10. Percentage change in total consumption within the beef cattle 
industry in the 950 Alternative compared to the Base Alterna-
tive 
Percent Change in Feed Consumptiona 
Method of Beef Feeding Stock Cow Beef Cattle 
Measuring Sector Sector Industry 
Consumption measured 
in net energy terms 
Consumption measured 
in dollar terms 
-17 
-17 
9 -1 
10 1 
~ositive values indicate a percentage increase in the 950 Alterna-
tive relative to the Base Alternative. Negative values have the opposite 
meaning. 
Analysis of the entire beef cattle industry, including beef 
feeding and stock cows, however, reveals the impact of an expanded number 
of beef cows. To meet the meat demands incorporated in the model and 
to offset the lighter market weights, the 950 Alternative requires 9 
percent more stock cows to produce calves than the Base Alternative. 
This larger population of stock cows consumes 9 percent morl' feed (Table 10) 
25 
with the additional for<Jge coming out of the cropland base. When this 
increased consumption is balanced against savings in the feedlot, the 
result is a l percent savings of feed consumed in the 950 Alternative as 
compared to the Base Alternative. 
When the feeds consrnned by the cnttle are priced according to 
their supply prices to give consumption in dollar terms, the results 
1 
of the analysis are only slightly altered (Table 10). Increased feed 
efficiency in the 950 Alternative lowc•rs the total value of the feeds 
consumed by the beef feeding sector of the cattle industry. The 
total value of the various feeds consumed by the whole beef cattle 
industry is 1 percent higher in the 950 Alternative than the Base 
Alternative (Table 10). This slight increase, as compared to the de-
cline when feed consumption is measured in net energy terms, results 
because the 950 Alternative raises the demand for pasture and roughages. 
The result of the higher demand is higher supply prices for both pasture 
and roughages. The higher supply prices slightly increase the cost of 
feeding the stock cows (Table 10). The result for the beef cattle 
industry is a higher total feed bill in the 950 Alternative as compared 
to the Base Alternative. 
Feed Consumption in the 1150 Alternative 
and the Base Alternative 
Marketing fed beef at an average finishing weight of 1,150 pounds 
liveweight in the lJSO Alternative as compared to an average finishing 
1 The supply prices generated in the model were used in computing the 
dollar value of feed consumed. The supply price for that crop is that price 
required to produce a level of output sufficient to meet the demands of 
the model. The model selects the production cost of the highest cost 
producing area contributing towards total supply as the supply price. 
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weight of 1,050 pounds liveweight in the Base Alternative decreases 
feed efficiency. Total feed consumption by the beef feeding sector 
increases 18 percent (Table 11). Because fewer animals need to be 
slaughtered with the higher average finishing weight, the number of 
stock cows in the 1150 Alternative is 8 percent less than in the Base 
Alternative. Hence, total feed consumption by stock cows declines 7 
percent. The result in the 1150 Alternative is a 2 percent increase 
in total feed consumption for the beef cattle industry. 
With feeds consumed by the cattle priced according to their 
supply or shadow prices, the total value of feed consumption by the beef 
cattle industry increases 4 percent in the 1150 Alternative compared 
to the Base Alternative (Table 11). This 4 percent increase is the 
result of a 22 percent increase in the value for feed for cattle carried 
to the heavier finishing weight and a 5 percent decline in the 
value of the feeds consumed by stock cows. The explanation for the 
difference between an analysis of feed consumption on an energy basis 
as compared to a dollar basis is due to changing supply prices. In-
creasing the feed requirements of the beef feeding sector in the 1150 
Alternative slightly raises the supply prices for the feeds. These 
higher supply prices exaggerate the impact of feeding cattle to the 
heavier finishing weight. The total cost of maintaining stock cows does 
not decline by the same proportion as cow numbers are reduced since 
the supply prices for pasture and roughages do not decline significantly. 
27 
Table 11. Percentage change in total consumption within the beef cattle 
industry in the 1150 Alternative compared to the Base Alter-
native 
Percent Change in Feed Consumptiona 
Method of Beef Feeding Stock Cow Beef Cattle 
Measuring 
Consumption measured 
in net energy terms 
Consumption measured 
in dollar terms 
Sector 
18 
22 
Sector Sector 
-7 2 
-5 4 
aPositive values indicate a percentage increase in the 1150 Alterna-
tive relative to the Base Alternative. Negative values have the opposite 
meaning. 
Location of Beef Feeding and Stock 
Cows in the 950 Alternative 
The lighter finishing weight in the 950 Alternative has a signifi-
cant interregional impact in the location of beef production. To com-
pensate for lighter slaughter weights more feeders and more stock cows 
are needed. As shown in Table 12, stock cow numbers increase 17 percent 
in the South Central reg ion in the 950 Alternative as compared to the 
Base Alternative. Also, the number of feeders finished in this region 
increases by 15 percent. Because of the increased efficiency of beef 
feeding in the 950 Alternative, the total quantity of corn and sorghum 
consumed by fed cattle declines by at least 20 percent in all regions 
except the South Central region. The increase in the number of fed 
cattle marketed from the South Central region in the 950 Alternative 
accounts for the relatively small decline in total consumption of corn 
and sorghum grain as compared to the Base Alternative. 
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Location of Beef Feeding and Stock 
Cows in the 1150 Alternative 
As the finishing weight increases, the beef cattle industry in the 
Great Plains region is greatly disadvantaged in the 1150 Alternative com-
pared to the Base Alternative. The number of stock cows and the number 
of feeders fed in the Great Plains region falls 17 and 16 percent, respec-
tively (Table 13). The substantial decline of beef feeding in the Great 
Plains region is reflected in the relatively small increase in the con-
sumption of corn and sorghum by fed cattle compared to the other regions 
in the model. Feed consumption increases because of reduced efficiency 
of feeding the cattle to the heavier finishing weight in the 1150 Alterna-
tive. 
Parts of the Great Plains generally serve as "surplus" or "shifting" 
regions: If no special burden is placed on grain demand these areas of 
the Great Plains are not needed for grain can be used for forage. If 
grain demands are strong, these "shifting" areas move back into grain 
production in solution of interregional programming models. Hence, as 
more grain is used in the 1150 Alternative the "shifting" areas of the 
Great Plains move into grains. 
V. HIGH SILAGE RATIONS FOR FED BEEF 
If high silage rations were used more widely in beef feeding, some 
land could be shifted to producing food crops for humans. Silage produces 
more harvested output of feed nutrients per acre than does corn or sorghum 
grain. 
In the Base Alternative beef feeding is limited to high concentrate 
rations. The alternative to be analyzed now includes high silage rations 
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for fed cattle. This alternative will be refered to as the Silage 
Alternative. 
Land Use and Supply Price Changes 
Substituting silage for concentrates has several important impacts 
(Table 14). With beef fed a high silage ration, 9.4 million acres are 
freed in the Silage Alternative compared to the Base Alternative. In 
addition to using fewer acres, extensive feeding of silage substantially 
lowers the supply prices of other crops (Table 15). The supply price 
for a particular commodity is determined, in meeting a given demand, 
by the per unit cost of production in the most expensive region where 
that crop is produced. Supply prices decrease under the Silage Alter-
native because fewer acres are needed to meet all the domestic and foreign 
demands as silage is substituted for concentrates in the fed beef ration. 
Because the model selects the least-cost organization of U.S. agriculture, 
those regions with less productive land, i.e., with the highest per unit 
production costs, are the first to be taken out of crop production. The 
result is lower supply prices for all commodities. 
Table 14. Comparison of the percentage of net energy represented by each 
commodity group in the total net energy consumption in the 
Silage Alternative and the Base Alternative 
Alternative Corn and Barley, Oats Oilmeal Legume Corn and 
Sorghum and Wheat and Non- SorghUm 
Grain Legume Silage 
Hay 
Base 67 8 3 14 8 
Silage 3 6 6 4 80 
32 
Table 15. Percentage decrease in average supply prices for crops in the 
Silage Alte~native as compared to the Base Alternative 
Crop Percentage Decrease Crop Percentage Decrease 
Corn 10 Oilmeal 7 
Sorghum 14 Legume hay 7 
Barley 12 Silage 3 
Oats 4 Cotton 0 
~fueat 12 
The lower supply prices reduce feed costs for fed beef and the 
other classes of livestock as well. Total feed expenses for beef feed-
ing declines 22 percent under the Silage Alternative in comparison 
with the Base Alternative. For dairying and hogs the decline is 7 and 
9 percent, respectively, in the Silage Alternative compared to the 
Base Alternative. 
Interregional Adjustments 
The high silage ration favors certain interregional adjustments 
in agriculture relative to the Base Alternative (Table 16). Regions 
possessing a comparative advantage in beef cattle production can expand 
production at the expense of other regions because of increased produc-
tion per acre. 
The concentration of stock cows increases in the South Central 
region in the Silage Alternative compared to the Base Alternative. 
The concentration of cattle feeding in the South Central region also 
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increases following the increased availability of feed in the region 
when the high silage ration is used. The South Atlantic region also 
increases the size of its fed beef industry under the high silage 
rations as compared to the Base Alternative. 
VI. SOIL CONSERVATION 
The Base Alternative was formulated so that restrictions were not 
placed on the selection of cropping practices in relation to their 
effect on soil erosion. The Soil Conservation Alternative is formulated 
so that soil erosion rates will be less than the soil loss tolerance 
rates set by soil scientists as necessary to maintain the future productivity 
of land [6]. To develop the Soil Conservation Alternative, each crop 
management system in the Base Alternative is checked and only those 
systems whose erosion rate is less than the soil loss tolerance levels 
are allowed in the Soil Conservation Alternative. Thereafter, the model 
can select the rotation, tillage, method and conservation practices 
which are most efficient in meeting the soil loss restriction for each 
land class in each producing region. 
A crop management system is defined as a unique combination of a 
rotation with a specific tillage and conservation practice on irrigated 
land or dryland. The crop rotations used in each production area are 
determined by combining the rotations recommended by the Soil Conserva-
tion Service [3]. Four conservation practices (straight row cultivation, 
contouring, strip cropping, and terracing) are allowed for each crop in 
35 
each producing area. Each conservation practice also can be used with 
three types of tillage practices: conventional tillage with residue 
removed, conventional tillage with residue left, and reduced tillage. 
The various combinations of crops, conservation practices, and tillage 
methods can be used for each land class in each producing area. Each 
rotation combined with a specific conservation practice and tillage 
practice defines a unique crop management system, programming activity, or 
variable. And, for each crop management ·System there is a specific ·soil ero-
sion coefficient defined for each crop and land class in a particular region. 
Soil erosion is influenced by many factors, such as land quality, 
slope gradient, length of slope, and rainfall. Erosion can be reduced 
by use of various tillage and conservation practices. Contouring reduces 
runoff by holding back water and allowing more time for penetration. 
Strip cropping is an effective means of spreading water. Terracing also 
reduces the velocity of water and disperses it. Reduced tillage represents 
the adoption of the most likely method of tillage in the area consistent 
with reduction in direct exposure of the soil surface to wind or running 
water. 
Gross soil loss represents the number of tons of soil leaving the 
field over a one-year period. The soil loss is determined using the 
Universal Soil Loss Equation developed by Wischmeier and Smith [6]. The 
soil loss equation is expressed as: 
where: A is the average annual per acre soil loss; 
R is the rainfall erosive factor based on the local area; 
36 
K is the soil erodibility factor for the specific soil determined 
from its erosion under continuous fallow in a 9 percent slope, 
92.6 feet long; 
L is the slope length factor relative to 72.6 feet; 
S is the slope gradient factor relative to a 9 percent slope; 
C is the crop management factor which related to a particular 
crop rotation and tillage practice; and 
P is the erosion control practice factor which relates to the 
conservation practice. 
For producing areas in mountain valleys and on the West Coast, the 
data required for the soil loss equation have not been completely developed. 
An alternate procedure was used to estimate the soil loss from these lands. 
Soil Conservation Service (SCS) personnel estimated the tons of soil loss 
associated with each crop management systems on each of the land classes 
and subclasses defined in the SCS data area. For the purpose of the model, 
these estimates were treated as if they were developed from the soil loss 
equation [3]. Each activity representing production of irrigated crops 
is considered to have a soil loss level similar to the corresponding dry-
land activity for similar land classes. 
Changes in Soil Erosion Rates 
Shifting crop production patterns and changing soil management 
practices to conform with the Soil Conservation Alternative result in 
substantial decreases in regional soil erosion rates compared to the Base 
Alternative (Table 17). The South Atlantic region is greatly affected 
by the soil conservation requirement due to normally high erosion rates 
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as a result of greater rainfall, more sloping land, and a lack of winter 
freezing over much of the region. 
Table 17. Comparison of average rates of soil erosion by reporting 
region in the Soil Conservation Alternative Compared to the 
Base Alternative 
Soil Loss Per Acre (Tons) 
Region Base Soil Conservation 
Alternative Alternative 
North Atlantic 5.35 2.01 
South Atlantic 12.19 3.05 
North Central 4. 77 2.46 
South Central 5.36 2.26 
Great Plains 4.36 1. 83 
Northwest 3.40 1. 38 
Southwest 1. 31 • 88 
United States 5.51 2.18 
Changes in Crop Production Practices 
Conservation and tillage practices change as agriculture is limited 
to those cropping options which restrict acre soil losses to the soil 
loss tolerance levels (Table 18). As might be expected, straight row 
farming declines because of the erosion hazard associated with the prac-
tice. The number of acres protected by contouring, terracing, and reduced 
tillage increase in the Soil Conservation Alternative compared to the 
Base Alternative. Acres farmed under strip cropping decrease in net as 
some land subject to severe erosion problems ·is shifted from strip crop-
ping to terracing. Reduced tillage practices are substituted for con-
ventional residue management practices in the Soil Conservation Alternative 
as compared to the Base Alternative. 
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Table 18. Acres planted under the various conservation and tillage 
practices in the Base Alternative and the Soil Conservation 
Alternative (1,000 acres) 
Practice 
Conservation practices 
Strai.ght row 
Contour 
Strip cropped 
Terraced 
Tillage practices 
Conventional tillage 
Reduced tillage 
Base 
Alternative 
114,473 
167,037 
32,296 
41,154 
225,017 
129,943 
Soil Conservation 
Alternative 
89,558 
179,118 
12,744 
77 '261 
176,799 
181,882 
Grown alone, crops such as corn, sorghum, cotton, and soybeans do 
not adequately protect the soil from erosion. These crops can, however, 
be grown in rotation with small grains, grass and hay crops which do pro-
teet the soil. Or, they can be raised using soil conservation practices 
such as contouring and terracing. Regardless of the method employed, the 
effect is to raise the relative cost of production for a crop like corn 
silage in the Soil Conservation Alternative compared to the Base Alternative. 
The rise in relative cost makes it profitable to substitute small grains 
and hay for silage in the livestock rations. 1 The increased use of legume 
1 The only endogenous changes for beef allowed in the Soil Conservation 
Alternative are changes in the ration and changes in the location of produc-
tion. Thus the number of beef cattle and the amount of beef produced in 
this alternative is the same as in the Base Alternative. In general, we 
would expect that systems which encourage greater forage production would 
increase production and lower the supply price of beef. These flexibilities 
were not built into the model (since a fixed set of point demands were used 
for all commodities). These limitations of the model will eventually be 
eliminated as demand functions are incorporated in a more complex quadratic 
programming model. 
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hay by livestock reduces the need for soybeans as a protein source in 
the Soil Conservation Alternative. 
Interregional changes in cropping patterns occur when it is profit-
able to shift crop production to a region less susceptible to erosion 
in the Soil Conservation Alternative, rather than use a more costly 
practice like terracing so the crop can continue to be produced in the 
same region as in the Base Alternative. For example, erosion problems 
associated with row cropping in the South Atlantic region cause, from 
a national standpoint, a profitable shift of cotton production to the 
South Central and Southwest regions of the United States (Table 19) 
in the Soil Conservation Alternative compared to the Base Alternative. 
Similarly, soybean production shifts quite dramatically from the South 
Atlantic region to other regions less susceptible to erosion, primarily 
to the Great Plains region. Soybeans is an erosive crop in any region 
when grown on hilly land. It is an especially erosive crop in the 
South Atlantic region where the winters are open and rainfall is high (3). 
The smaller erosion problems in the Great Plains greatly favors the 
production of corn and sorghum as well as soybeans under the Soil Conser-
vation Alternative. 
Resource use in agriculture is altered under the requirements of the 
requirements of the soil conservation policy analyzed in this study. 
For example in the Base Alternative, corn and sorghum are produced pri-
marily in continuous crop rotations on the most productive land. In the 
Soil Conservation Alternative the use of these continuous crop rotations 
declines and corn and sorghum are raised in rotation with small grains 
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and hay. As the concentration of corn and sorghum production on the 
more productive land declines, average yields fall. The decline in 
yields is not due to lower productivity of the more productive land 
as more forage is grown in rotation on it. The average national yield 
declines as more feed grains are grown over a larger area of less 
productive lands. Hence, to compensate for reduced yields as domestic 
and export demands are met, additional acres and more nitrogen fertilizer 
and pesticides are needed to meet livestock and consumer demands for 
corn (Table 20). 
Table 20. Percentage changes of U.S. production and factor use by 
commodity group in the Soil Conservation Alternative compared 
to the Base Alternative 
Percenta~e Chan~es 
Commodity Production Acres Nitrogen Pesticide 
Group Fertilizer Expenditures 
Corn and sorghum 
grain 0 10 25 23 
Barley, oats, and 
wheat 3 -9 15 128 
Soybeans ;_7 -5 14 97 
Cotton 0 37 84 35 
Legume and nonlegume 
hay 68 83 120 281 
Corn and sorghum 
silage -74 -68 -67 -34 
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In the Soil Conservation Alternative small grains (barley, oats 
and wheat) are grown on a greater proportion of more productive land than 
in the Base Alternative. The result is higher yields in the Soil Con-
servation Alternative. Small grains use less land and more nitrogen 
and pesticides because of regional shifts of production to regions using 
higher application rates for fertilizer and pesticides (Table 20). 
South Central region 
Stock cow herds decline in the South Central region in the Soil 
Conservation Alternative compared to the Base Alternative as cows are 
shifted to regions such as the North Central and South Atlantic regions 
(Table 21). The beef feeding industry expands, although corn and sorghum 
production declines in the South Central region. It is profitable to 
import both feeders and feed grains from other regions into the South 
Central region in the Soil Conservation Alternative to complement forage 
production. 
Great Plains region 
Although production of corn and sorghum increases, cattle feeding 
in the Great Plains declines in the Soil Conservation Alternative as 
compared to the Base Alternative (Table 21). The sit4ation for the 
Great Plains in the Soil Conservation Alternative is greatly influenced 
by the feed requirements of 16.9 million hogs shifted from the North 
Central region to this region. The whole cattle industry is at a 
comparative disadvantage and stock cow numbers decline by 3.8 million head 
in the Soil Conservation Alternative compared to the Base Alternative. 
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Southwest region 
Cattle feeding in the Southwest is greatly favored by the inter-
regional adjustments of agriculture in the Soil Conservation Alternative 
as compared to the Base Alternative (Table 21). In this alternative 
grain production declines, especially in the hilly areas of the North 
Central and South Central Region. Comparative advantage in cattle 
feeding then tilts towards the Southwest since it is nearer the larger 
grain supplies of the Great Plains. The cost advantages due to the size 
of the feeding operations also makes it profitable to import both feeders 
and feed grains, thus expanding the beef feeding industry of the Southwest. 
Supply Prices and the Cost of Feeding Beef 
The interregional adjustments of crop production patterns and the 
use of more costly practices to control soil erosion raise the supply 
prices for crops in the Soil Conservation Alternative compared to the 
Base Alternative. These higher supply prices significantly raise the 
cost of the feeds consumed by the beef feeding industry. 
VII. SUMMARY 
This report is one in a sequence published by the Center for 
Agricultural and Rural Development (CARD) under a grant from the National 
Science Foundation's Research Applied to National Needs (NSF-RANN) con-
cerned with policies for resource use in agriculture. The objective 
of this report is the analysis of the impact of feeding alternatives 
for beef cattle in feedlots and of changes in the makeup of feed supplies 
when farming is restrained to lessen soil erosion. 
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The Model 
The study is based on an interregional linear progrannning model 
of U.S. agriculture. The land resources are divided into producing 
areas representing homogenous production conditions. Crop and livestock 
productivity activities are defined within these producing areas. The 
model has 105 producing areas with 5 land classes in each producing 
area and 28 market regions. It incorporates a transportation submodel 
to link all market regions. Demands for commodities are defined by 
market regions according to per capita consumption and population pro-
jections for the year 1985. When the model is solved, the land in each 
producing area is brought into crop production under the criterion of 
minimum cost, i.e., the most productive land is utilized first. This 
procedure allocates the production of crops and livestock to each of 
the producing areas to minimize the total cost of production and trans-
portation incurred while meeting the demands for agricultural products 
projected for the year 1985. It also provides a competitive equilibrium 
in the sense that all resources except land receive their market rate 
of return. Return to land is determined endogenously in the model. 
Alternative Futures 
Five alternative futures are analyzed to determine interactions 
between the beef cattle industry and U.S. agriculture. The alternatives 
analyzed are: (1) the Base Alternative where it is assumed that beef 
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cattle will be finished on a high concentrate ration and marketed at 
an average weight of 1,050 pounds; (2) a 950 Alternative where it is 
assumed that beef cattle will be finished on a high concentrate ration 
and marketed at an average weight of 950 pounds; (3) a 1150 Alternative 
where it is assumed that beef cattle will be finished on a high concen-
trate ration and marketed at an average weight of 1,150 pounds; (4) the 
Silage Alternative where it is assumed that beef cattle will be finished 
on a high silage ration and marketed at an average weight of 1,050 pounds; 
and (5) the Soil Conservation Alternative where it is assumed that beef 
cattle will be finished on a high concentrate ration and marketed at 
an average weight of 1,050 pounds. In the latter alternative, agricul-
ture must use cropping practices that limit soil erosion to levels that 
allow maintaining land productivity over time. 
Alternative Finishing Weights 
This study considers three market weights (950, 1,050 and 
1,150 pounds) for fed beef to analyze the impact of this changing feed 
efficiency on the beef industry. Varying the finisldng weight of cattle 
also implies an adjustment in stock cow herds. For example, with re-
duced finishing weights, more cows are needed to supply the greater 
number of fat cattle to be slaughtered if given consumer demands are to 
be met. 
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950 Alternative compared to the Base 
Alternative 
The beef cattle in the 950 Alternative and the Base Alternative of 
the model are finished in the feedlot at an average of 950 and 1,050 
pounds liveweight, respectively. The improved feed efficiency in the 
950 Alternative lowers feed costs for the beef feeding industry by 17 
percent compared to the Base Alternative. Feed costs for the entire 
beef cattle industry, however, increase by 1 percent in the 950 Alter-
native compared to the Base Alternative. The savings in feed during 
the feeding phase as cattle are marketed at a lighter weight is more than 
offset by the higher feed requirements of the larger number of beef 
cows. 
Beef cattle numbers (beef cows and fed beef) increase in most 
regions of the United States in the 950 Alternative compared to the 
Base Alternative to compensate for the lighter market weight. The 
South Central region in particular greatly increases beef production. 
1150 Alternative compared to the Base 
Alternative 
In the 1150 Alternative, beef cattle are finished in the feedlot 
at an average of 1,150 pounds liveweight. Reduced feed efficiency 
under the 1150 Alternative increases feed costs for the beef feeding 
industry by 22 percent compared to the Base Alternative. However, feed 
costs for the entire beef cattle industry increase by only 4 percent 
in the 1150 Alternative compared to the Base Alternative. The lowered 
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efficiency of feeding cattle to the higher weight is not entirely 
offset by the savings due to a smaller number of beef cows. 
Beef cattle numbers decline in most regions of the United States 
in the 1150 Alternative compared to the Base Alternative because of the 
heavier finishing weight of the market cattle. Beef cattle numbers 
decline most in the Great Plains region. 
High Silage Rations for Fed Beef 
Using a high silage ration in fed beef cattle feeding frees 9.4 
million acres for growing other crops in the Silage Alternative com-
pared to the Base Alternative. Fewer acres of cropland are required to 
produce the feed required for cattle feeding. Extensive use of silage 
for beef feeding also lowers the supply prices for the other crops in 
the Silage Alternative compared to the Base Alternative. 
The switch to the high silage rations for beef feeding in the 
Silage Alternative increases the concentration of the U.S. beef cattle 
industry in those areas possessing a comparative advantage for beef pro-
duction because of the higher silage production per acre. In particular, 
the beef cattle industry in the South Central region expands substan-
tially in the Silage Alternative compared to the Base Alternative. 
Soil Conservation 
The Base Alternative was formulated so that no restrictions were 
placed on the selection of cropping practices, regardless of their 
effect on soil erosion. The Soil Conservation Alternative is formulated 
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so that soil erosion rates will be reduced to levels allowing maintenance 
of land productivity over time. 
Total soil erosion from agriculture is reduced by 59 percent in 
the Soil Conservation Alternative compared to the Base Alternative. The 
reduction in soil loss is achieved by substituting reduced tillage for 
conventional tillage and replacing straight row farming with contouring 
and terracing on those lands most susceptible to erosion. Continuous 
row cropping declines as small grains and forages are grown in rotation 
with the row crops. 
When the grass and legume hay crops are grown in rotation with row 
crops in regions like the North Central and South Atlantic the supply 
of roughage for stock cows expands. Consequently, the concentration of 
beef cow herds in the South Central and Great Plains regions declines as 
beef cows shift to the North Central and South Atlantic regions in the 
Soil Conservation Alternative compared to the Base Alternative. 
Some corn and sorghum grain production shifts away from the North 
Central region because of the expense of controlling soil erosion in 
parts of the region. This interregional shift of feed grains production 
also causes some beef feeding to shift away from the North Central 
region to other regions less susceptible to erosion in the Soil Conser-
vation Alternative as compared to the Base Alternative. 
The extra expense (e.g., contouring and terracing) incurred by 
agriculture to control soil erosion and the shifting of corn and sorghum 
production to regions of higher production costs (e.g., from North 
Central to Great Plains) raises the cost of growing crops. 
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General results 
At normal export demand levels, the U.S. agricultural plant has 
great productivity and flexibility. Accordingly, any of the alternatives 
analyzed in this study could be attained in 1985. Too, the alternatives 
could be combined in manners other than the discrete scenarios posed 
for 1985. If policy, market, and price conditions encouraged it, the 
nation could maintain a higher level of conservation and shift its beef 
industry so that more cattle are produced but marketed at a lighter 
weight in 1985. Aside from policies or expanded exports which might 
force it, however, this outcome is not likely to be brought about by 
market forces alone by 1985 since the nation's agricultural production 
capacity is so large relative to normal demand levels. 
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APPENDIX 
The linear programming model used minmizes the total cost of 
producing the endogenous commodities in the 105 producing areas and 
of transporting these commodities among the 28 market regions. The 
model consists of 1,200 equations and 24,000 variables. In mathemati-
cal notation the model is as follows: 
Find a set of X's such that 
f(x) = ex (A.l) 
is minimized subject to 
Ax < b (A. 2) 
X > 0 (A. 3) 
where: 
X is column vector of production and transportation activities; 
c is row vector of unit costs for the activities; 
A is a matrix of input-output coefficients; and 
b is column vector of resource restraints and demand requirements. 
Equation A.4 is the objective function to be minimized in the model: 
f(x) = "" LLX XC +'1\~ "\''\~L LC + W WC ~~ ijkm ijkm ~~~ npq npq r r iJkm npq 
(A. 4) 
+ F FC + IB IC 
n n r r +" ""T TC ~ ~~ nst nst 
n s t 
... ' 
... ' 
... ' 
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105 for the producing areas 
10 for the land classes 
330 for the rotations defined 
i = 1, 
j 1, 
k 1, 
m = 1, ... , 12 for the conservation and tillage alternatives 
n = 1, 
p = 1, 
q = 1, 
r = 
... ' 
... ' 
... , 
... ' 
per rotations 
28 for the market regions 
4 for the endogenous livestock classes 
32 for the livestock rations 
58 for the water supply regions 
s = 
1, 
1, 2, 4, 5, 7, 8, 10, 11, 13, 14, 15 for the commodities 
transported 
t 1, ...• 176 for the transportation routes defined 
where: Xijkm is the number of acres of rotation k with conservation-
tillage min producing area ion land class j; XC. 'km is the cost per 
1] 
acre of rotation k with conservation-tillage practice m in producing 
area i on land class j; L is the number of units of livestock acti-
npq 
vity p receiving ration q in market region n· LC is the cost per unit 
' npq 
of livestock activity p receiving ration q in market region n; H is 
r 
number of acre feet of water purchased in water supply region r; WC 
r 
the 
is the cost per acre foot of water purchased in water supply region r; 
F is the number of pounds of nitrogen fertilizer purchased in market 
n 
region n; FC is the cost per pound of nitrogen fertilizer purchased 
n 
in market xegion n; IB is the acre feet of water transferred out of 
r 
region r; IC is the cost differential on a per acre foot basis for 
r 
water in region r; T t is the number of units of commodity s trans-
ns 
ported over route t from market region n; and TC t is the cost per 
ns 
unit of commodity s transported over route t from market region n. 
Each producing area has restraints for land availability by the 
five dry and irrigated land classes. The equations for the ith produc-
ing area are as follows: 
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Dryland restraint by land class 
i = 1, 
j = 1, 
k = 1, 
... ' 
... ' 
... ' 
105 for the producing areas 
105 for the land classes 
330 for the rotations defined 
(A. 5) 
m = 1, ... ' 12 for the conservation-tillage alternatives 
Irrigated land restraint by land class 
(A. 6) 
i = 48, ... , 105 for the producing areas 
j = 6, ... ' 10 for the land classes 
k 1, ... ' 330 for the rotations defined 
m = 1, ... , 12 for the conservation-tillage alternatives 
Hay acreage restraint 
~ l:kL:Xijkmwijkm5 ~ HRi [r; Lk Dijkmwijkm6 
J m J m 
+l~~xiJkmwiJkmS J (A. 7) 
i = 1, ... ' 28 for the market regions 
j = 1, ... , 10 for the land classes 
k = 1, ... ' 330 for the rotation defined 
m = 1, ... ' 12 for the conservation-tillage alternatives 
where: Xijkm is the level of rotation k using conservation-tillage 
method m on land class j in producing area i; AD. "Ian is the acres of 
1] 
dryland used per unit of rotation k using conservation-tillage method m 
on land class j in produc~ng area i; Alijkm is the acres of irrigated 
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land used per unit of rotation k using conservation-tillage method m 
on land class j in producing area i; DAij is the acres of dryland 
available on land class j in producing area i; IAij is the acres of 
irrigated land available on land class j in producing area i; HR. is 
1 
the proportion of all hay which can be legume hay in market region i; 
and Wijkmu is the rotation weight for crop u in rotation k using conser-
vation-tillage method m on land class j in producing area i. 
In producing areas 48-105, water supplies and irrigation activities 
are defined. Equation A.8 controls the allocation of water to the 
endogenously determined agricultural uses. 
L:L:L:L:xi'kmwi'km cwu. +L: L:L:Y Lwu LW 
. k J J u 1u npq npq npr J mu npw 
(A. 8) 
- WH WA s: WS 
r r r 
i = 48, ... ' 105 for the producing areas 
j = 6, ... ' 10 for the land classes 
k = 1, ... ' 330 for the rotations defined 
m = 1, ... , 12 for the conservation-tillage alternatives 
n = 1, ... ' 28 for the market regions 
p = 1, ... ' 4 for the endogenous livestock types 
q = 1, ... ' 32 for the livestock rations 
r = i-47 to give the water supply region number 
u = 1, ... ' 15 for the possible irrigated crops 
where: X. 'km is the level of crop rotation k using conservation-tillage 1J 
method m on land class j in producing area i; wijkmu is the rotation 
weight for crop u in rotation k using conservation-tillage method m 
on land class j in producing area i; CWUiu is the acre feet per acre 
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water use coefficient for crop u in producing area i; Y is the level 
npq 
of livestock type p consuming ration q in market region n; LWU is 
npq 
the acre feet per unit water use coefficient for livestock type p con-
suming ration q in market region n; WS is the per acre feet of water 
r 
available for use by the endogenous agricultural sector; LW is the 
npr 
proportion of livestock type p from market region n in water supply 
region r; WH is the level of dryland to irrigated pasture conversion 
r 
in water supply region r; and WA is the per acre water use coefficient 
r 
when converting one acre of dryland pasture to irrigated pasture in 
water supply region r. 
Each commodity market region has a set of equations to balance 
the supply and demand of the commodities. The equations are: 
LL'-"""' "X W CY + '\' ...---y LY 
i .~k~ ijkmn ijkmsu ijkmsu ~~ npq npqs J m p q 
(A. 9) 
- }.:T +L:VJH DA ~ CD 
t nst r r rs ns 
i = 1, ... ' 105 for the producing areas 
j = 1, ... ' 10 for the land classes 
k = 1, ... ' 330 for the rotations 
m = 1, ... ' 12 for the conservation-tillage practices 
n = 1, ... , 28 for the market regions 
p = 1, ... ' 4 for the endogenous livestock types 
q = 1, ... ' 32 for the livestock rations 
s - 1, 2, 4, ... ' 9, 1, ... ' 15 for the commodities balanced 
at the market region 
u = 1, ... ' 15 for the crops 
t = 1, ... ' 176 for the transportation activities defined 
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where: Xijkmn is the level of crop rotation k using conservation-tillage 
system m on land class j in producing area i which is included in market 
region n; W .. km is the weight of crop u in rotation k using conserva-l.J u 
tion-tillage system m on land class j in producing area i; CYijkmsu is 
the per acre production of commodity s from crop u in rotation k using 
conservation-tillage system m on land class j in producing area i; 
Y is the level of production of livestock type p using ration q in 
npq 
market region n; LY is the per unit interaction coefficient for 
npqs 
commodity s with livestock type p consuming ration q in market region n 
(this will be positive for the livestock products and negative for the 
ration components); CD is the exogenously determined demand for 
ns 
commodity s in market region n; T t is the net export of commodity s 
ns 
over transportation route t defined in market region n; WH is the level 
r 
of dryland to irrigated pasture conversion in water region r; and DA 
rs 
is the increase in hay yield associated with the conversion of an acre 
of dryland pasture to irrigated pasture in water supply region r. 
DA = 0 for all s ~ 5. 
rs 
The equations which are defined at the national level to balance 
commodity demand are as follows: 
t I! zX .kmWijk CYi.k ~ CD i j k m iJ mn J msu s (A.lO) 
i = 1, ... , 105 for the producing areas 
j = 1, ... ' 10 for the land classes 
k = 1, ... ' 330 for the rotations defined 
m = 1, ... ' 12 for the conservation-tillage alternatives 
s = 3, 14 for the commodities cotton and sugar beets 
u = 4, 14 for the crops cotton and sugar beets 
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where: Xijkm is the level of crop rotation k using conservation-tillage 
practice m on land class j in producing area i; Wijkmu is the rotation 
weight for crop u in rotation k using conservation-tillage practice m 
on land class j in producing area i; CYijkmsu is the per acre production 
of commodity s from crop u in rotation k using conservation-tillage 
practice m on land class j in producing area i; and CD is the demand 
s 
for commodity s at the national level. 
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